ABSTRACT
INTRODUCTION
In tropical and temperate forests, canopy gaps are regarded as processes of great importance to forest regeneration (Hartshorn, 1978; Denslow, 1980; Brokaw and Busing, 2000; Schnitzer and Carson, 2001) . Gap environments influence plant populations in their growth (Garwood, 1983; Brown, 1993) , herbivory (Coley, 1983) , fruit production (Collins et al., 1985) and seed dispersal (Levey, 1988) . Even physically, treefall events can damage plant individuals, sometimes being lethal (Clark and Clark, 1989) . However, the relation between gaps and species distribution in the forest is not so clear. Recent studies found that chance and other factors controlling the composition of the pool of species would be equally or more important to determinate species distribution than gap environment itself (Hubbell et al., 1999; Brokaw and Busing, 2000) . Gap area not always is useful to explain gap partitioning (Dalling et al., 1998) , and except in cases of large disturbance magnitude, the previous context of soil seed bank and pre-established individuals strongly determined gap composition (Garwood, 1983; Raich and Christensen, 1989) . Another important issue is the influence of canopy gaps in the species composition of forest communities. In tropical forests, an average gap would be formed by a single or double treefall event (Chandrashekara and Ramakrishnan, 1994) , creating a canopy opening area ranging from 46 to 85m² (Brokaw, 1982; Sanford Jr. et al., 1986; Jans et al., 1993) . Thus, as microclimate contrast varies according to the opening size (Barton et al., 1989) , the average gap microclimate in tropical forests does not differ sufficiently from closed canopy environments to stimulate light dependent species (Sanford Jr. et al., 1986; Brown, 1993) . In this context, investigators have claimed that the colonization of gaps via pre-established individuals would be a prominent regeneration strategy (Garwood, 1983; Whitmore, 1989) . Considering the small number of studies developed in the Atlantic Montane Rain Forest, the main purpose of this study was to characterize the colonization of canopy gaps at this forest formation. This study also aimed to understand the factors constraining gap colonization of herb and woody species, how composition and abundance of species were influenced by variables of gap structure (gap area, and number and diameter of treefalls), by topography and by the gap sourrounding vegetation.
MATERIAL AND METHODS
This study was conducted in the Carlos Botelho State Park (PECB: 24°20' S, 47°44' W), a 37.645 ha reserve located in the São Paulo State Atlantic Rain Forest, South-Eastern Brazil. Since 1993, the park is part of the Mata Atlântica Biosphere Reserve -UNESCO, and, in 1999, the same institution inscribed the park area within the Atlantic Forest South-East Reserves (World Natural Heritage Site). According to Domingues et al. (1993) , the average annual rainfall is 1683 mm and the mean monthly temperature ranges from 14.5 to 22.4°C. Local altitude varies from 700 to 900m. The study site used to conduct gap survey was located in an old growth forest covering approximately 150 ha. Local vegetation has been classified as Tropical Montane Rain Forest, with canopy height varying from 20 to 35 m. In the understorey, the palm-heart (Euterpe edulis Mart.), species of the genera Geonoma and Psychotria, and tree ferns (Cyatheaceae) are easily found. There was no recent evidence of human disturbance in the study area. During gap survey in 2002, 24 canopy gaps were selected and measured. This selection was based on the successional phase of gaps so that advanced phases of regeneration were not considered. Gaps in late successional phase were identified based on advanced decay of treefall debris, on the advanced height of the regenerating vegetation (> 10m: Gale, 2000) and on the aspect of the revolved soil in case of uprooted trees (Jans et al., 1993; Poorter et al., 1994) . In the vegetation analysis gaps that clearly failed to regenerate as a result of a massive invasion of lianas or woody bamboos were excluded. The definition used to delimitate gaps and to estimate their areas followed Brokaw (1982) and Lima (2005) , respectively. For each gap, the topographic position (valley, slope and ridge) and the number and diameter at breast height (DBH) of the treefalls involved in the gap event were noted. Some stand measures from gap surrounding vegetation were also made. All canopy trees used to delimit the gap perimeter (sensu Brokaw 1982) had their DBH, trunk height and total height estimated. Estimates of tree height were made visually, always by the same observer and with the help of a scale of known length. Inside each gap, the herb layer was measured using the line intercept method (Mueller-Dombois and Ellemberg, 1974) , using eight radial oriented transects (N, NE, E, SE, etc.) with equal distance between them (45°). By this means, the colonization of the herb stratum inside gaps was evaluated based on the proportion of soil coverage, obtained by dividing the length of each group by the total length of transects. Treefall debris (dead trunks and branches) and woody bamboos were also measured, and were evaluated using the same line intercept method as for the herbs. The herb stratum was divided in the following groups: Calathea spp. (Marantaceae), Ctenanthe spp. (Marantaceae), herb ferns (mainly Didymoclaena truncatula (Sw.) J. Sm., Lastreopsis amplissima (C. Presl) Tindale and Stigmatopteris heterocarpa Rosenst.), ground bromeliads, woody bamboos, herbaceous bamboos (i.e. Chusquea spp., Olyra spp.). These groups represented the most abundant species on the herb stratum in the study site. Other two groups to be considered were the uncovered soil and other components such as low frequency herbs and woody seedlings. The woody community was assessed including only plants taller than one meter and excluding life forms woody lianas and woody ferns. Individuals were identified to the level of species. Some herb species taller than one meter were also included in the analysis. The presence of broken stems and consequent sprouting was also noted. The classification of species into ecological groups was made based on other works (Klein, 1980; Tabarelli, 1997; Gandolfi, 2000) and on field observation in the study area. The variability in species relative abundance related to topography was evaluated by the non-parametrical Friedman ANOVA, after correcting the abundance of species in relation to the sampled area of each topographic position. (14) and Rubiaceae (12). The most abundant species found were also the most frequent ones. In relation to the ecological groups of species, 75.0% were classified as shadetolerant, 10.1% as secondary, and 4.2% as pioneer species (no data was found for the remaining 10.7%). 
DISCUSSION
It would be interesting to discuss the behavior of the soil coverage of the two Marantaceae genera (Calathea and Ctenanthe) in the study area, although the influence of herb layer on species regeneration was not directly evaluated in this study. With broad leaves and the habit of forming dense clusters, these herb components could produce thick layers of litter (Lima and Moura, personal observation) that strongly inhibited seed germination (Vázquez-Yanes et al., 1990) . Within gaps, where herb species can enhance their seed emergence (Horvitz and Schemske, 1994) and growth (Collins et al., 1985; Chandrashekara and Ramakrishnan, 1994) , intense herb coverage affects gap regeneration by woody species, either by depletion of available resources or by germination inhibition (Collins et al., 1985; George and Bazzaz, 1999) . These two genera were virtually self-excluding in relation to the topographic positioning. As at other forest sites (Basnet, 1992; Poorter et al., 1994; Oliveira-Filho et al., 1998; Gale, 2000) , valleys are often more humid and dark than ridges that receive a more direct influence of wind and sunlight. The environmental contrast between valley and ridge sites also influences other herb groups such as herb ferns and herb bamboos. Thus, topography features seem to play an important role to herb species distribution inside gaps. Although the relation between crown extension and tree height is influenced by species-to-species crown architecture, there was an average tendency of thicker crowns in higher trees around gaps (r s = 0.615, P< 0.01, N=42). It is known that daily gap insolation and direct light incidence are smaller in openings surrounded by trees with bigger crowns and total tree heights (Chazdon and Fetcher, 1984; Collins et al., 1985; Brown, 1993) . Therefore, except for the time of the day when the sun is at high noon, light entrance, and thus microclimate (Collins et al., 1985) , is different with respect to canopy height of the surrounding vegetation (Hubbell and Foster, 1986) . Also, the results for surrounding gap vegetation revealed differences in stand parameters across hills. Ridges have smaller trees and lower diameters compared to other positions. It is likely that this source of variation reflects soil characteristics (Bellingham and Tanner, 2000) and certainly affects light entrance and disturbance regime in the forest (Gale, 2000; Robert and Moravie, 2003) . Since these data were not conclusive, further studies must be carried out to test this possibility in the study area.
In spite of being present in virtually all gaps, the soil coverage of debris varied greatly. This parameter of gap structure was positively correlated with the number of falls and it acted directly on species establishment. The influence of fallen trunks and branches involves the mortality of pre-established individuals and the substrate conditions to seedling establishment (Hartshorn, 1978) . Tabarelli (1997) found that soil coverage of dead material influences the stem density inside gaps in another Montane Rain Forest site near the study area (São Luís do Paraitinga, São Paulo, Brazil). Although stem mortality is a non-specific phenomenon, the influence of substrate conditions may vary between species (Brandani et al., 1988; Lawton and Putz, 1988; Núñez-Farfán and Dirzo, 1988) . In the present study area, at least two species were noted as able to recruit over dead logs (Cecropia glaziouii and Leandra mosenii: authors' observation). With respect to woody species, a study carried out in the same forest, Aguiar (2003) found very similar floristic results for the forest as a whole. Among the 9544 individuals sampled in the study, the families with higher abundance were Myrtaceae (14.59%), Rubiaceae (12.58%), Lauraceae (12.29%), Palmae (11.38%), and Leguminosae (5.87%), and the more species-rich were Myrtaceae (58), Lauraceae (36), Leguminosae (17), Melastomataceae and Rubiaceae (12). The most abundant and speciesrich families were the same obtained in this study, suggesting little change of composition in canopy gaps. As shown on Table 3 , many species presented some degree of influence by the topographical position of gaps, being exclusive to one or two positions, or showing differences in their relative abundances across hills. This suggested that not only gap structure could determinate gap colonization. The environmental differences between valley and ridge sites, as long with other dispersal constraints (e.g., timing of dispersal, distance between the gap and the fruiting adults) could control the pool of species available for gap colonization (Bellingham and Tanner, 2000; Robert and Moravie, 2003) . Otherwise, among the twenty most abundant species found in this study, only B. australis and I. sessilis did not correspond to the shade tolerant ecological group; many of them were typical understorey species (i.e. G. gamiova, Ardisia guianensis and Endlicheria paniculata: Table 3 ). Typically pioneer genera as Cecropia, Solanum, Leandra and some Miconia and Piper species had restricted occurrences (gap sizes > 100m 2 ) and low abundances. In addition, 25.81% of all individuals presented broken stem and consequent sprouting, indicating individuals that survived after being hit in the fall event. Similar results were found at other forest sites (Uhl et al., 1988; Carvalho et al., 2000) , where a considerable part of gap regeneration appeared to be happening through surviving individuals. This inference would enhance the suggestion that the environmental conditions previous to gap formation such as topography and the subsequent environmental changes (Carvalho et al., 2000) , would play an important role in gap floristics via surviving individuals. This pattern of gap colonization would approximate the floristic of gaps and non-gap sites (Lieberman et al., 1989; Denslow and Hartshorn, 1994) . A similar result was found in montane rain forests in São Paulo State (Tabarelli and Mantovani, 2000) and in Minas Gerais State (Carvalho et al., 2000) . Therefore, for Montane Rain Forests sites of South-eastern Brazil, evidence exists that the results found here would be a general pattern in gap colonization by woody species in this forest formation. The predominance of small gap sizes found in the study area would not create sufficient environment differences that could generate substantial floristic changes (Whitmore, 1989) . Except in cases when there was soil exposure by uprooting (Lawton and Putz, 1988; Vázquez-Yanes and Orozco-Segovia, 1993) , regular forest gaps did not seem to create big changes on the community composition. In this context, only a few numbers of species had their distributions related to gap environments; the larger part of the individuals inside gaps were probably just benefited by chancy canopy openings, enhancing their growth rates (Lieberman et al., 1989; Schinitzer and Carson, 2001 
RESUMO
Na Floresta Pluvial Atlântica Montana do Sudeste Brasileiro, foi realizado um estudo para descrever e avaliar a colonização de clareiras. A composição de clareiras foi levantada através da cobertura do solo para as espécies herbáceas enquanto que todos os indivíduos lenhosos maiores que um metro de altura foram mensurados e identificados. Também foram coletadas informações sobre a estrutura das clareiras (área da clareira, número e diâmetro das quedas), posição topográfica e vegetação circundante. Dois gêneros de Marantaceae apresentaram considerável freqüência e abundância nas clareiras. As espécies lenhosas mais freqüentes e abundantes pertenceram ao grupo não-pioneiro e as famílias mais ricas encontradas nas clareiras não diferiram quando comparado à floresta como um todo. Como para as variáveis do estrato herbáceo e da vegetação circundante, os resultados revelaram que efeitos diretos e indiretos da topografia são importantes na determinação da composição interna de clareiras por espécies lenhosas. Estes resultados sugerem que a colonização de clareiras é influenciada não apenas pelas variáveis de estrutura, mas também pela posição topográfica e pelos indivíduos pré-estabelecidos.
